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Pitfalls in evaluating mite exposure from 
house-dust samples 
T. E. HALLAS 
Danish Allergy Research Center, National Unioersity Hospital, Copenhagen, Denmark 
Results from vacuum collected samples from a patient’s environment may support the diagnosis of mite allergy. 
High estimates of mites or mite allergens do show that a patient is exposed. Low estimates are harder to interpret. 
Estimates may be low due to dust dynamics or to the behaviour of the mites, which, according to their biology, can 
be present or almost absent in the samples. A survey is given of the nature of these obstacles to proportionality 
between sample results and the exposure which might be experienced by a patient during a period of time. To reduce 
the problems of false-negative estimates of exposures from single samples, series of samples collected weeks apart 
may improve the significance of diagnoses. 
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Introduction 
Mite allergens in the indoor environment are important 
causes of respiratory disease in man (1). The presence of 
mites, mainly Dermatophagoides spp. or house-dust mites, 
and their allergens in a patient’s environment is usually 
documented from the examination of samples collected by 
the means of common household vacuum cleaners. Low 
estimates of mites or allergens in the samples may indicate 
that a patient is exposed to low or insignificant amounts of 
allergens, while high estimates are interpreted as a sign of 
more severe exposure. 
In practice, simple proportionality between estimate and 
exposure probably might be the exception, not the rule. The 
explanation is that pitfalls exist. They mainly represent 
systematical variation due to the biology (2;3) of mites. To 
my knowledge the nature of this variation has not been 
recognized before, but may have been included in previous 
works as part of the statistically explained variability. It 
is important, however, to understand the nature of such 
pitfalls, because in many cases they may lead us to under- 
estimate the actual exposure of a patient. 
Sample Variability 
Sample results are to some extent biased by variables 
(A,B,C & D, see below) which are specific for the samples, 
but not for the population of mites. 
Received 3 April 1998 and accepted in revised form 20 April 
1998. 
Correspondence should be addressed to: T. E. Hallas, Danish 
Allergy Research Center, National University Hospital, RHIMA 
TA 7542, 20 Tagensvej, DK-2200 Copenhagen N, Denmark. 
0954-6111/98/091099+03 $12.00/O 
A. LOCAL DUST DYNAMICS 
Mites are confined to surfaces. Mites and dust have 
nothing to do with one another, except that both can be 
collected through vacuuming. If there is much dust, we 
consider the concentration of mites to be small, and in 
case of small amounts of dust, the concentration of mites 
is correspondingly reported as being high. Furthermore, 
most dust eventually settles on the floor. Thus samples 
from floorings normally show a lower concentration of 
mites than is found from samples collected at a certain 
height above floor level. That is why it may look as if 
mites live especially in bedding. It has been found (2), that 
the average concentration of mites in dust from mattresses 
is twice that found from floor samples. This difference is 
small and might be explained by a doubling of the 
average dust weight per surface unit from mattress to 
floor. 
B. CONTAMINATION FROM PRESSURE 
ALIGNMENT 
The volume of air filtered during a 2-min sampling session 
with a common household vacuum cleaner typically 
amounts to 34 m3. In small rooms; like bedrooms, this 
will be a substantial part of the disturbed air containing 
particles blown away from other parts of the room/ 
floor/bed etc. Thus, we may find progressively lower 
yield for repeated samplings or prolonged periods of 
sampling. The phenomenon should be ascribed to the 
fact that the air vacuumed from a surface area does 
not originate from there and may consequently be able 
to introduce dust and mites selectively removed from 
elsewhere in the room. 
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TABLE 1. The average concentration of mites in house-dust samples is inversely related to the temperature. Production of 
mites, however, is similar as the amount of food available (number of persons in the households) is almost constant. The table 
is composed from previously published figures to show how the principle works 
Dust from mattresses 
Averages of 
Observations 
Dermatophagoides 577.4 1 138.7 4 144.4 554.9 
Glycyphagus 22.1 1 5.9 3 5.5 17.7 
Tarsonemus 102.3 1 13.4 6 17.1 80.4 
Sum 701.8 158.0 167.0 653.0 
Cold bedroom (5) 
12 samples/one mattress 
(4 (B) 
mites 0.1 g-’ generation yr - ’ 
Normal bedrooms (2) 
1889 samples11889 mattresses 
(Cl 0’) 
mites 0.1 g-’ generation yr - ’ 
Calculations 
(MD) (C)*(D) 
C. CATCHABILITY OF RESTING STAGES OF framework set by their supply of food (proportional to the 
DEVELOPMENT number of human inhabitants). 
House-dust mites spend about 60% of their lifetime in 
resting stages, glued to surfaces or hidden in such a way 
that they become underrepresented in dust samples 
collected by vacuuming. Stage developments in natural 
indoor populations are to some extent synchronized (2), 
and consequently samples collected in weeks where a 
resting stage is predominant may show no or only a few 
mites. 
SEQUENCES OF DECLINING NUMBERS OF 
MITE SPECIMENS 
D. CATCHABILITY AND HUMIDITY 
Mites move around and they avoid being exposed to low 
relative humidity. In temporarily dry surroundings they 
concentrate where humidity lasts longest, and a sample 
collector may catch more mites when the room air is humid 
enough to allow them to move about and fewer specimens 
when the room air (measured simultaneously) is dry. Thus 
the yield of mites from samples may be due to current 
fluctuations of the relative humidity of the indoor air, 
whereas the true amount of mites in a dwelling is a response 
to the sum of events they had encountered for months 
before the collection of a sample. This does not contradict 
the suggestion (4), that long periods of time at low humidity 
may restrain the mites and may even render it impossible 
for them to maintain a population. This is, however, to be 
demonstrated under conditions for maximal catchability. 
The stage synchrony of indoor mites (2) is another deter- 
minant for the size of the population, because the number 
of specimens always decreases during the development from 
eggs to adults. The mortality patterns of the stages of mites 
reflect the mites’ exploitation of a limited food resource 
(number of persons) corresponding to an almost constant 
daily consumption for the whole population. From the 
point of view of energy this makes sense, but judged from 
the number of mites, the same population can be repre- 
sented by few or many according to the energy consump- 
tion of the stages in question. Thus the concentration of 
mites may vary throughout a period of time (usually 
months), showing a steady decrease but maintaining an 
almost constant consumption as older development stages 
consume more food. This pattern repeats itself in an 
average population four times a year (2) for temperatures 
close to 20°C. 
THE TEMPERATURE REGIME 
Determinants of Mite Population Size 
What remains to be known is the order of size of the 
populations which we refer to through the results of 
samples. However, results (2) from a large number of 
samples, sufficient to equalize major parts of the sample 
variability, indicate that the size of the population of mites 
in a dwelling corresponds to the number of inhabitants of 
the household (and consequently also to their current 
presence or non-presence). In cultures with unlimited access 
to food, mite densities may grow into absurdities, but field 
populations of indoor mites appear to respond to the 
The suggestion that food is an ultimate limiting factor helps 
us to understand why we expect larger populations of mites 
at low indoor temperatures than at high temperatures. The 
development time for a generation of mites depends upon 
temperature (mites are poikilotherms), while the production 
of food from the human inhabitants is almost constant (we 
are homeotherms). If temperature only allows of one 
annual generation (5) we might in principle find almost the 
quadruple concentration of mites compared to those dwell- 
ings where there are four annual generations (Table 1). In 
both cases the number of mites multiplied by the duration 
of their lives would be equal, as the daily consumption 
of food of the entire population will be similar. High 
number of mites in a population could be due to either 
slow development caused by low temperature or an extra- 
ordinary supply of food in a population under normal 
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temperature conditions. Mite numbers may thus be judged 
from the temperatures of the site of collection. 
Allergen Exposure 
EXPOSURE AND TEMPERATURE 
From the above it follows that the total amount of allergens 
released from one, two, three or four generation popula- 
tions is the same on an annual basis. Due to the synchrony 
of stages of development, mite populations with few annual 
generations may release allergens less often, but the concen- 
tration of allergens can be higher each time it happens as 
the population can be larger. Due to this paradox, the 
conversion from concentration of mites or population size 
to the production of allergens ought to be made from a 
knowledge of the temperature conditions or the annual 
number of generations. 
ALLERGENIC LOAD IS A DYNAMIC 
PARAMETER 
The allergens causing symptoms are not continuously 
released from the mites (2). It was recently suggested (3) 
that the relevant allergens originate from moulting fluid 
because patients’ symptoms seem to refer to the periods of 
time where hatching from resting stages of development 
takes place. Therefore periods of concentrated allergen 
release are believed to be short and followed by periods of 
longer duration in which allergens gradually disappear. 
Consequently air samplings including vacuuming may show 
no or only a small concentration of allergens most of the 
time. What we measure is not the allergenic load character- 
istic for a patient’s home, but rather to what extent the 
latest allergen release has been diluted or decayed when the 
sample is collected. Thus high estimates of allergens are 
indices of severe exposure, but low estimates do not certify 
that a patient is exposed to low or insignificant amounts of 
allergens in his home. 
Conclusions 
As appears from the above listing of pitfalls, the result from 
a single sample would not be sufficient to describe the 
allergen challenge in a patient’s home. Single samples of 
house dust are useful for diagnostics if collected when a 
patient has acute symptoms. On other occasions series of 
samples weeks apart are needed to avoid the risk of 
false-negative estimates for the mite exposure in a patient’s 
environment. 
The concept of exposure is dynamic and guidelines, 
therefore, should be revised to comprehend the time factor. 
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FIG. 1. The weekly average concentration of house-dust 
mites in dust samples vacuumed from floors may show a 
characteristic pattern where mite numbers are low when 
they are into resting stages of development (2). The true 
‘size’ of the population can be identified if drawing a !ine 
through the peak points of this figure. 
Mite allergens are air contaminants, inhomogeneously dis- 
tributed with time. Consequently it might be adequate to 
identify hygienic standards where the allergen level 
(measured in air or dust samples) for a defined part of the 
time should be below a certain limit. 
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